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abstract: Element concentrations in selected fish species from different trophic levels were analyzed. The following fish 
species were analyzed: common nase (Chondrostoma nasus), roach (Rutilus rutilus), freshwater bream (Abramis brama), 
barbel (Barbus barbus), Prussian carp (Carassius gibelio), chub (Squalius cephalus), European perch (Perca fluviatilis), wels 
catfish (Silurus glanis) and northern pike (Esox lucius). Fish were collected from the Međuvršje Reservoir (West Morava 
River Basin, western Serbia) during 2012, and samples of liver, muscle and gills were analyzed for As, B, Ba, Cd, Co, Cr, 
Cu, Fe, Hg, Li, Mn, Mo, Ni, Pb, Sr, and Zn using inductively coupled plasma optical emission spectrometry (ICP-OES). 
The liver and gills had the highest measured element concentrations, with Cu, Zn, Fe and Sr being the most prominent. 
The bioaccumulation of metals was species-specific, with the accumulation exhibiting the following trends: Prussian carp 
> northern pike > freshwater bream > European perch > chub > common nase > barbel > roach > wels catfish; Li>Pb>Z
n>Cu>Fe>Ba>Mn>Sr>Cr>As>Mo>Ni>B, in all examined species; for Co, Cd and Hg, the bioaccumulation factor (BAF) 
was 0. Results of this study point to the tissue-specific differences in element concentrations, and to distinct differences 
between fish species regarding the accumulation patterns: common nase, with the highest accumulation observed in the 
liver, and Prussian carp, with the highest accumulation observed in the gills.
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introduCtion
Contamination of aquatic ecosystems (e.g. lakes, riv-
ers, streams) with heavy metals and trace elements 
is a serious problem receiving world-wide atten-
tion [1,2]. Metals from natural and anthropogenic 
sources are environmentally ubiquitous, released in 
and transported by water, and taken up by aquatic 
organisms. These elements enter aquatic ecosystems 
by atmospheric precipitation, soil and rock erosion, 
and through anthropogenic sources, such as industrial 
effluents, traffic, mining wastes and agriculture [3,4]. 
Metals are a serious threat because of their toxicity, 
persistence, capacity for bioaccumulation and biomag-
nification in the food chain [5]. Certain trace elements 
such as Fe, Cu, Zn, and Mn are essential in small 
amounts, but can be toxic and adversely affect aquatic 
life when present above certain concentrations. Hg 
and Cd are non-essential metals that are toxic even in 
traces [6]. Metal accumulation analyses are the best 
indicator of aquatic ecosystem pollution [2]. Aquatic 
organisms have the ability to accumulate metals from 
various sources. The toxic effects of metals range from 
complete loss of biota to effects on reproduction rate, 
growth and behavior of organisms [7].
Fish are sensitive to increases in concentrations of 
different contaminants, such as metals and organic pol-
lutants in water. The accumulation level of metals in 
fish organs and tissues depends on the fish species, their 
age patterns, and on the physical and biochemical char-
acteristics and chemical status of their environment [8].
In this work, we analyzed 16 elements in the liver, 
muscle and gills of nine fish species from different 
trophic groups: phytophagous (examined in common 
nase), benthivorous (barbel, freshwater bream), om-
nivorous (Prussian carp, roach, chub, European perch) 
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and piscivorous species (wels catfish and northern 
pike). Fish feeding preferences and meal size are fac-
tors that determine the trend of element accumulation 
in fish tissues among species [9]. Sampling was carried 
out in 2012 in the Međuvršje Reservoir in western Ser-
bia that receives large amounts of untreated industrial 
and communal waters, with the water quality in the 
reservoir influenced by various pollutants. The main 
objectives of the study were to highlight the impor-
tance of species and tissue selection in biomonitoring 
by comparing the accumulation patterns among dif-
ferent fish tissues and species, and comparing element 
concentrations in fish tissues with their concentra-
tions in the water.
materials and methods
study area
A field study was carried out in the Međuvršje Res-
ervoir (West Morava River Basin); coordinates: N – 
43o54’43.07”; E – 20o14’12.71”; 277 m a.s.l. (Fig. 1). 
The reservoir was formed in 1953 after the construc-
tion of a 31-m high dam built for water-level control 
and management [10].The reservoir is located at the 
exit of the Ovčar-Kablar Gorge. The length of the 
reservoir is 9.3 km, surface area 1.5 km2, maximum 
width 272 m, maximum depth12 m (directly below 
the dam). The quality of the water is influenced by nu-
merous contaminants in the catchment area. Within 
the 3165-km2 catchment area, there is intense emission 
of industrial, urban and rural wastewater. Neither the 
settlements nor most of the industrial plants in the 
area possess facilities for wastewater purification.
sample preparation
Sampling of nine fish species (10 individuals per 
species) was carried out in June and August in 2012. 
Collection of fish samples was performed using a set 
of standing gill-nets with a mesh diameter of 10-60 
mm, as well as by electrofishing (HONDA 1.2 кW, 6 
А). The total weight (g) and total body length (cm) of 
each fish specimen were measured. Fish species were 
determined according to Simonović [11]. Samples of 
muscle, liver and gills were removed and frozen until 
analysis. Water samples were collected at a depth of 
20-30 cm below the water surface in 50-ml polyeth-
ylene demineralized containers, and conserved with 
0.25 ml of concentrated HNO3 solution. Until analysis 
the water samples were stored in a fridge (kept at 4ºC).
sample analysis
In the laboratory, the samples were dried using a 
GAMMA 1-16 LSC plus Freeze Dryers Rotational-
Vacuum-Concentrator (Germany), and sample por-
tions between 0.2 and 0.4 g dry weight were subse-
quently processed in a microwave digester (Speed 
wave MWS-3; Berghof Products Instruments GmbH, 
Eningen, Germany), using 6 ml of 65% HNO3 and 4 
ml of 30% H2O2 (Merck Suprapur) at a food tempera-
ture program (100-170oC).
The potential presence of analyzed elements 
was resolved using a number of blank samples. Af-
ter reaching room temperature, the digested samples 
were diluted with distilled water to a total volume of 
25 ml. The analysis was performed by inductively 
fig. 1. Field study area: the Međuvršje Reservoir in the West 
Morava River Basin.
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coupled plasma optical spectrometry (ICP-OES). It 
included the assessment of concentrations of the fol-
lowing 16 elements: As, B, Ba, Cd, Co, Cr, Cu, Fe, 
Hg, Li, Mn, Mo, Ni, Pb, Sr and Zn. The quality of 
the analytical process was controlled by the analy-
sis of BCR-185R reference material of bovine liver, 
as well as IAEA-336 Lichen reference material. The 
following wavelength lines were used: As 189.042 
nm, B 249.773 nm, Ba 233.527 nm, Cd 228.802 nm, 
Co 228.616 nm, Cr 205.552 nm, Cu 324.754 nm, Fe 
259.941 nm, Hg 184.950 nm, Li 460.289 nm, Mn 
259.373 nm, Mo 202.095 nm, Ni 231.604 nm, Pb 
220.353 nm, Sr 460.733 nm, and Zn 206.191 nm. All 
elemental concentrations were expressed as µg g-1 dry 
weight (dw). Metal concentrations in fish meat (i.e., 
muscle samples) were also recalculated to the wet tis-
sue weight (WW) and compared with the maximum 
allowed concentrations (MAC) in fish meat for utiliza-
tion in the human diet established by the European 
Union (EU) and the national legislation. According 
to EU legislation [12], MAC for Cd, Hg and Pb are 
0.05, 0.50 and 0.30 µg g-1 w/w, respectively. National 
legislation prescribes MAC for As, Cd, Hg, Pb, Cu, Fe 
and Zn in fish meat at 2.0, 0.1, 0.5, 1.0, 30.0, 30.0 and 
100.0 µg g-1 w/w, respectively [13]. 
statistical analysis
To compare the total metal content in fish species and 
their tissues, the metal pollution index (MPI) was 
used, obtained using the equation [14]: MPI = (As 
x B x Ba x Cd x Co x Cr x Cu x Fe x Hg x Li x Mn x 
Mo x Ni x Pb x Sr x Zn)1/16. When the elemental con-
centration was equal to zero (not detected), the value 
equal to half of the spectrometer sensitivity (ICP-OES) 
for the corresponding element was used. Assessment 
of the differences among groups was performed by 
ANOVA two-factor analysis (StatSoft, Inc. 2007). 
Relationships between fish size, weight and trace ele-
ment concentrations in different tissues were assessed 
by Spearman’s non-parametric correlation test. The 
bioaccumulation factor (BAF), the ratio of the con-
centrations of the chemicals in the organism (CB) to 
that in the water (CWT), was calculated according to 
the equation: BAF= CB/CWT [15].
results
The concentrations of 16 metals in muscle, liver and 
gills of nine selected fish species from different trophic 
levels are presented in Table 1. The lowest concen-
trations of all analyzed metals were found in muscle 
tissue (Table 1). The highest concentrations in liver 
were found for As, Cd, Cu and Fe in common nase, 
freshwater bream, European perch, northern pike, 
wels catfish, for B in common nase, northern pike, 
European perch, wels catfish, for Mo in common nase, 
roach, Prussian carp, barbel, chub, for Co in European 
perch, wels catfish, for Hg in chub, European perch, 
for Zn in common nase, freshwater bream, European 
perch and for Li in wels catfish. In the gills, the high-
est concentrations of Sr, Pb, Ba, Cr, Mn, Ni were ob-
served in all species except northern pike, of Li in all 
species except wels catfish, of Hg in common nase, 
roach, Prussian carp, freshwater bream, barbel, north-
ern pike and wels catfish, of Co in roach, Prussian 
carp and freshwater bream, of B in roach, Prussian 
carp, freshwater bream, barbel and chub, of Mo in 
freshwater bream, European perch, wels catfish and 
northern pike (Table 1). The three most abundant ele-
ments were Zn, Cu, and Fe (Table 1).
According to comparison of tissues, different 
fish species and different tissues of the same spe-
cies, the MPI values (ANOVA two-factor analysis) 
of fish species significantly differed (p=0.000001) 
(Fig. 2b); the MPI values of tissues significantly dif-
fered (p=0.000001) (Fig. 2c), and the MPI value of 
tissues and fish species also significantly differed 
(p=0.000001) (Fig. 2a). The MPI value was highest 
in the gills in most of the analyzed species. Prussian 
carp, common nase and freshwater bream were dis-
tinguished from others by their higher MPI values 
(Table 2).
There were only a few significant correlations be-
tween the overall elemental accumulation and fish size 
and weight: As and Prussian carp weight correlation 
coefficient R= -0.6, p<0.05; As and freshwater bream 
total length R=0.553, p<0.05; Cr and chub weight and 
total length, R=-0.613 and R=-0.578, respectively, 
p<0.05; Pb and roach weight and total length R=-
0.553, p<0.05; Mo and wels catfish weight R=-0.685, 
p<0.05. There were no differences in the distribution 
of Fe, Li, Mn and Sr among tissues. Two fish species 
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were differentiated from other species by the tissue 
metal distribution: in common nase, As and Mo had 
the highest concentrations in all analyzed tissues, and 
Cd, Zn and Cu had the highest concentrations in the 
liver; in the Prussian carp, Pb, Ni, Li, Cr and B had 
the highest concentrations in all analyzed tissues, with 
the concentrations of Pb and Fe being the highest in 
the gills.
The BAF was not calculated for Cd, Co and Hg 
because these metals were not detected in the water. 
The highest BAF values were observed in the gills of 
the majority of analyzed fish species (Table 3).
In three different tissues of the nine studied fish 
species almost all of the 16 metals and trace elements 
were detected. The concentrations of the metals in 
muscle did not exceed the MAC prescribed by the EU 
regulations [12], international standards [16] and the 
Regulation of the Republic of Serbia [13] (Table 4).
disCussion
The analysis of metal bioaccumulation in different tis-
sues of fish with different diet requirements showed a 
high level of differentiation, as well as significant dif-
ferences in the distribution of elements in the body. In 
many studies, the highest metal bioaccumulation was 
found in the liver, and this was consistent over a wide 
range of different fish species [2,17-20]. Muscle is gen-
erally considered a tissue with little potential for bioac-
cumulation and is a tissue with the lowest metal content 
[21,22]. The liver is a metabolically active and elimi-
fig. 2. Differences among a tissues and fish species (p=0.000001); b fish species (p=0.000001) and c tissues (p=0.000001) based on the 
metal pollution index (MPI). The analysis was performed using ANOVA two-factor analysis, Statistica 8.0. Vertical bars denote 0.95 
confidence intervals.
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native organ, due to the activities of metallothioneins, 
proteins with the ability to bind to specific metals, such 
as Cu, Cd and Zn, thereby reducing their toxicity and 
allowing for the accumulation of high metal concentra-
tions [20,22,23]. In our study, the highest concentra-
tions of most of the analyzed metals were detected in 
the gills (Zn, Sr, Pb, Ni, Mn, Li, Cr, Ba, and B). When 
comparing MPI values between fish species and tissues, 
only the wels catfish and European perch had higher 
values of MPI in the liver than in the gills. This could be 
explained by the fact that the gills are the first organ to 
come into contact with metals and trace elements in the 
water. The Međuvršje Reservoir is greatly influenced 
by many pollutants from upstream sources (industrial, 
municipal and rural wastewater) [24].
Metal accumulation analyses in different fish tis-
sues have been conducted in some localities of Serbia. 
An ecotoxicological investigation of common nase, 
freshwater bream and bleak in the Međuvršje Reser-
voir was conducted by Lazić et al. [25]. In this study, 
the concentrations of selected metals, which were 
also examined in the present study, were close to the 
maximal allowed values, except for Hg, whose con-
centration was higher. During similar investigations 
[26] of tissues of Prussian carp in Old Begej (a Special 
Nature Reserve in the Vojvodina province), As and Li 
were not detected, Mn and Mo were not found in the 
muscle tissue and Cu was present only in the liver. 
The concentrations of Ba in Prussian carp gills were 
higher than in the present study, while the concentra-
tion of Mо was lower. Substantially higher concentra-
tions of Zn and Fe, up to 10 times higher than those 
detected in fish from the Međuvršje Reservoir, were 
detected in the liver and gills [26]. An examination 
of metal concentrations in tissues of barbel from the 
Belgrade section of the Danube River did not report 
the presence of Cr, Cd, Pb, Co, Ni and Li [27]. In this 
section of the Danube ecotoxicological studies were 
also performed on freshwater bream and wels catfish. 
Seventeen selected elements were investigated: B, As, 
Ba, Cu and Mo were not detected in muscle, As, B and 
Ba were measured in the liver, As and Cu and As and 
Ba were not detected in the gills of freshwater bream 
and catfish, respectively [28]. The level of Cr and Hg 
in the liver was higher in piscivorous fish (Sander lu-
cioperca and wels catfish) [29], whereas in our study 
the concentrations of these metals were higher in 
omnivorous (Prussian carp) and benthivorous fish 
(barbel and freshwater bream). The concentrations 
of B and Fe were higher in the gills of omnivorous 
species, Lota lota and Cyprinus carpio [29], as was also 
observed in the present study. Muscle samples from 
Prussian carp from the Gruža Reservoir (West Morava 
River Basin) exhibited the highest tendency of element 
accumulation (Fe, Cd, and Cu) [30], whereas in the 
Međuvršje Reservoir this tendency was not observed 
for Cu, Zn, Fe and Li in the same species. Remarkably 
higher concentrations of Cu in Prussian carp liver in 
comparison to other analyzed tissues, were also reg-
istered by other authors [16,21,22].
The presence of metals and trace elements in fish 
is dependent on species, body size, physiological state, 
feeding patterns and tissue type [17]. According to our 
results, common nase and Prussian carp differed from 
the other analyzed species by the high metal concen-
trations in their tissues. Therefore, these fish have the 
potential to be used as bioindicators for monitoring 
purposes. They are two of the species most frequently 
caught by anglers in the Međuvršje Reservoir. 
acknowledgements: This research was supported by the Minis-
try of Education, Science and Technological Development of the 
Republic of Serbia, Projects No. 173045 and 37009.
authors' contribution: VĐ and SS are responsible for field work, 
the study idea and manuscript development, and ZG for the sta-
tistical analysis.
referenCes
1. Mansour SA, Sidky MM. Ecotoxicological studies. 3. Heavy 
metals contaminating water and fish from Fayoum Gover-
norate, Egypt. Food Chem. 2002;78(1):15-22.
2. Dural M, Göksu MZL, Özak AA, Derici B. Bioaccumulation 
of some heavy metals in different tissue of Dicentrarchus 
labrax L. 1758, Sparus aurata L. 1758 and Mugil cephalus L. 
1758 from the Camlik Lagoon of the eastern coast of Mediter-
ranean (Turkey). Environ Monit Assess. 2006;118(1):65-74.
3. Alam MGM, Tanaka A, Allinson G, Laurenson LJB, Stagnitti 
F, Snow ET. A comparison of trace element concentrations 
in cultured and wild carp (Cyprinus carpio) of lake Kasum-
igaura, Japan. Ecotox Environ Safe. 2002;53(3):348-54.
4. Kumar Singh R, Chavan SL, Sapkale PH. Heavy metal 
concentrations in water, sediments and body tissues of 
red worm (Tubifex spp.) collected from natural habitats in 
Mumbai, India. Environ Monit Assess. 2007;129(1):471-81.
5. Erdoğrul Ö, Ates DA. Determination of cadmium and copper 
in fish samples from Sir and Menzelet dam lake Kahraman-
maras, Turkey. Environ Monit Assess. 2006;117(1):281-90.
Arch Biol Sci. 2016;68(4):811-819 819
6. Tüzen M. Determination of heavy metals in fish samples of 
the middle Black Sea (Turkey) by graphite furnace atomic 
absorption spectrometry. Food Chem. 2003;80(1):119-23.
7. Bradl H. Heavy metals in the environment: origin interac-
tion and remediation. London: Elsevier/Academic Press; 
2005.
8. Meche A, Martins MC, Lofrano BESN, Hardaway CJ, Mer-
chant M, Verdade L. Determination of heavy metals by 
inductively coupled plasma-optical emission spectrometry 
in fish from the Piracicaba River in Southern Brazil. Micro-
chem J. 2010;94(2):171-4.
9. Ural M, Yildirim N, Danabas D, Kaplan O, Yildirim NC, 
Ozcelik M, Kurekci EF. Some Heavy Metals Accumulation 
in Tissues in Capoeta umbla (Heckel, 1843) from Uzuncayir 
Dam Lake (Tunceli, Turkey). B Environ Contam Tox. 2012; 
88:172-6.
10. Babić-Mladenović M, Obušković Z, Knežević Z. Reservoir 
sedimentation in Serbia- problems and solutions. Vodo-
privreda.2003;205-206:387-93.
11. Simonović P. Ribe Srbije. 2nd ed. Belgrade: NNK Interna-
tional, Faculty of Biology University of Belgrade; 2006. 247 
p. Serbian.
12. Commission regulation (EC) No 1881/2006. Setting maxi-
mum levels for certain contaminants in foodstuffs. OJ L. 
2006; 364:5-24.
13. Pravilnik o količini pesticida, metala i metaloida i drugih 
otrovnih supstancija, hemioterapeutika, anabolika i drugih 
supstancija koje se mogu nalaziti u namirnicama. Official 
Gazette of FRY. 5/92, 11/92 - cor. 32/2002.
14. Usero J, Gonza´lez-Regalado E, Gracia I. Trace metals in the 
bivalve molluscs Ruditapes decussatus and Ruditapes philip-
pinarum from the Atlantic Coast of Southern Spain. Environ 
Int. 1997;23(3):291-8.
15. Mackay D, Fraser A. Bioaccumulation of persistent organic 
chemicals: mechanisms and models. Environ Pollut. 
2000;110(3):375-91.
16. Nauen CE. Compilation of legal limits for hazardous sub-
stances in fish and fishery products. FAO Fisheries Circular 
764. Rome (Italy): FAO; 1983. 102 p.
17. Rashed MN. Monitoring of environmental heavy metals in 
fish from Nasser Lake. Environ Int. 2001;27(1):27-33.
18. Pyle GG, Rajotte JW, Couture P. Effects of industrial metals 
on wild fish populations along a metal contamination gradi-
ent. Ecotox Environ Safe. 2005;61(3):287-312.
19. Storelli MM, Barone G, Storelli A, Marcotrigiano GO. Trace 
metals in tissues of mugilids (Mugil auratus, Mugil capito, 
and Mugil labrosus) from the Mediterranean Sea. B Environ 
Contam Tox. 2006;77(1):43-50.
20. Ploetz DM, Fitts BE, Rice TM. Differential accumula-
tion of heavy metals in muscle and liver of a marine fish, 
(King mackerel, Scomberomorus cavalla Cuvier) from the 
Northern Gulf of Mexico, USA. B Environ Contam Tox. 
2007;78(2):134-7.
21. Erdoğrul Ö, Erbilir F. Heavy metal and trace elements in 
various fish samples from Sir Dam Lake, Kahramanmaraş, 
Turkey. Environ Monit Assess. 2007;130(1):373-9.
22. Uysal K, Köse E, Bülbül M, Dönmez M, Erdoğan Y, Koyun 
M, Ömeroğlu Ç, Özmal F. The comparison of heavy metal 
accumulation ratios of some fish species in Enne Dame Lake 
(Kütahya/Turkey). Environ Monit Assess. 2009;157(1):355-62.
23. Wu SM, Jong KJ, Lee YJ. Relationships among metallothionein, 
cadmium accumulation, and cadmium tolerance in three spe-
cies of fish. B Environ Contam Tox. 2006;76(4):595-600.
24. Morina A, Morina F, Djikanović V, Spasić S, Krpo-Ćetković 
J, Lenhardt M. Seasonal variation in element concentrations 
in surface sediments of three rivers with different pollution 
input in Serbia. J Soil Sediment. 2016;16(1):255-65.
25. Lazić T, Marković G, Nikolić D, Čupić S. Heavy metals in 
some fish species of Međuvršje reservoir. In: Đukić A, editor. 
Proceeding of the 33th Conference of the Yugoslav water pro-
tection society; 2003 Jun 3-6; Zlatibor, Serbia. 2003. p. 59-62.
26. Skoric S, Visnjić-JefticZ, Jaric I, Djikanovic V, Micković B, 
Nikcevic M, Lenhardt M. Accumulation of 20 elements in 
great cormorant (Phalacrocorax carbo) and its main prey, 
common carp (Cyprinus carpio) and Prussian carp (Caras-
sius gibelio). Ecotox Environ Safe. 2012;80:244-51.
27. Sunjog K, Gačić Z, Kolarević S, Višnjić-Jeftić Ž, Jarić I, 
Knežević-Vukčević J, Vuković-Gačić B, Lenhardt M. Heavy 
metal accumulation and the genotoxicity in barbel (Barbus 
barbus) as indicators of the Danube River pollution. Sci 
World J. 2012; 2012:351074. 
28. Lenhardt M, Jarić I, Višnjić-Jeftić Ž, Skorić S, Gačić Z, Pucar 
M, Hegediš A. Concentrations of 17 elements in muscle, 
gills, liver and gonads of five economically important fish 
species from the Danube River. Knowl Manag Aquat Ec. 
2012;407(02):1-10.
29. Subotić S, Višnjić Jeftić Ž, Spasić S, Hegediš A, Krpo-Ćet-
ković J, Lenhardt M. Distribution and accumulation of ele-
ments (As, Cu, Fe, Hg, Mn, and Zn) in tissues of fish spe-
cies from different trophic levels in the Danube River at the 
confluence with the Sava River (Serbia).Environ Sci Pollut 
R. 2013;20(8):5309-17.
30. Milošković A, Branković S, Simić V, Kovačević S, Ćirković 
M, Manojlović D. The Accumulation and Distribution of 
Metals in Water, Sediment, Aquatic Macrophytes and Fishes 
of the Gruza Reservoir, Serbia. B Environ Contam Tox. 
2013;90(5):563-9.
